INTRODUCTION
Prunus L. is a widespread genus of woody plants of up to 430 species (Huxley, Griffiths & Levy, 1999; Hillier & Coobes, 2002) throughout the northern hemisphere, especially the temperate zone. Bentham & Hooker (1865) proposed seven sections in the genus Prunus , but Koehne (1913) recognized four subgenera, mainly based on leaf, inflorescence, presence/absence of bract, and flower morphology. Rehder (1940) renamed Amugdali as Amygdalus and added one more subgenus, Laurocerasus , in addition to four subgenera ( Prunophora , Amygdalus , Cerasus , and Padus ) sensu Koehne. Recent ITS phylogeny research (Bortiri et al. , 2001 (Bortiri et al. , , 2002 generally supports Rehder's subgeneric classification (Rehder, 1940) .
The subgenus Cerasus (Adans.) Focke, which is mainly distributed throughout eastern Asia, comprises c . 40 species (Koehne, 1913; Rehder, 1940; Krüssmann, 1986) . Although several divisions (as sections) within this subgenus or independent generic treatment ( s.s. ) were proposed by many authors (Koehne, 1913; Rehder, 1940; Yü & Li, 1986; Charkevicz, 1996; Ohba, 2001; Li & Bartholomew, 2003) , these treatments were not supported by the recent ITS phylogeny (Bortiri et al ., 2001 (Bortiri et al ., , 2002 Lee & Wen, 2001) . Therefore, any subdivisions of the subgenus Cerasus or generic treatment are no longer accepted.
Prunus serrulata Lindl., P. jamasakura (Siebold) Koidz., and P. leveilleana Koehne with several infraspecific taxa, and which are widely cultivated as ornamental trees, are here collectively referred to as the P. serrulata complex.
The P. serrulata complex is characterized by corymbs with one to five flowers, double serration on (Carrière) T. T. Yü et C. L. Li] were reported in China (Yü & Li, 1986) . A major difficulty can be attributed to the use of minor differences in leaf morphology and the degree of pubescence for taxon definition, and consequently the differences used to distinguish taxa were far from consistent. There is a clear need for a study of this complex that goes beyond the limited work that has been done previously as a small part of local flora studies.
Here we present the results of a phenetic analysis of morphological characters of the P. serrulata complex. We were specifically interested in determining whether the variability within the P. serrulata complex and other related taxa are primarily attributable to morphological discontinuities among the geographically isolated groups and whether a suite of morphological characters can consistently distinguish the P. serrulata complex from other related taxa, such as P. lannesiana f. albida E. H. Wilson, P. sargentii Rehder, and P. pseudocerasus Lindl. The primary objective of the first part of this research was to redefine the phenetic relationships among the different morphological entities of the P. serrulata complex as well as related taxa. Particular attention was focused on P. serrulata and P. jamasakura because of the high degree of morphological intergradation and inconsistent circumscription across the various systematic treatments. Additionally, P. leveilleana was investigated to determine if its morphological differentiation from the other taxa warranted species rank.
MATERIAL AND METHODS
Analysis of the morphological characters was performed on material borrowed from the following herbaria: University of Tokyo (TI), Tokyo Metropolitan University (MAK), and the Chinese Academy of Sciences, Beijing (PE). Herbarium specimens were selected to represent the entire geographical range and to encompass the morphological variability present within each taxon.
Mature leaves from P. serrulata var. spontanea , P. serrulata var. pubescens, and P. sargentii were collected from 23 localities in South Korea from 2002 to 2004. Herbarium specimens from the material collected are stored at the T. B. Lee Herbarium of the Arboretum of Seoul National University (SNUA). Illustrations of the leaf and fruit morphology ( Fig. 1) were adapted from Nakai (1916) .
The characters selected for analyses included those most frequently used in keys and diagnoses. Characters considered useful by previous authors (Koehne, 1913; Wilson, 1916; Kitamura & Murata, 1979; Lee, 1980; Ohwi, 1984; Yü & Li, 1986; Ohba, 2001 ) for reliable identification were also selected (Tables 1 and 2 ).
As both fruiting and flowering specimens were not available at the same time, flower and fruit with leaf characters were chosen based on the observation of separate specimens. For leaf measurements, a typical fully mature leaf was selected. The initial data matrices were constructed from 17 vegetative and floral characters, including three ratios (Table 1) , and 18 vegetative and fruit characters, including two ratios (Table 2) . Measurements were made with a ruler and a binocular micrometer.
Two hundred and ten individuals for flowers with leaves from P. serrulata var. spontanea (78 individuals), P. jamasakura (15 individuals), P. serrulata var. pubescens (107 individuals), P. leveilleana (ten individuals), and 122 individual mature fruits with leaves from P. serrulata var. spontanea (28 individuals), P. jamasakura (13 individuals), P. serrulata var. pubescens (73 individuals), and P. leveilleana (eight individuals) were measured for the various characters (see Appendix). Also, for comparisons, this study considered a group of species [P. lannesiana f. albida (seven for flowers and two for fruit specimens), P. sargentii (82 for flowers and 39 for fruit specimens), and P. pseudocerassus (six for fruits without flowers specimens)] that shared similar characters with the P. serrulata complex and were once treated as infraspecific taxa of P. serrulata (Chang, 2004) . Because of the insufficient number of flowering specimens, flower characters of P. pseudocerassus could not be measured for this multivariate analysis (Fig. 2) .
Individuals of P. serrulata examined in Korea and China showed both the absence and the presence of hair on the leaf, petiole, and pedicel (plants of var. spontanea and var. pubescens), whereas individuals in Japan that we have identified based on the same criteria had been described in the literature as P. jamasakura and P. leveilleana, respectively (Wilson, 1916; Kitamura & Murata, 1979; Lee, 1980; Ohwi, 1984; Yü & Li, 1986; Ohba, 2001) .
Also, the criteria used classically in floras to distinguish between P. serrulata var. spontanea and P. sargentii concerned the umbel-like/corymb-like inflorescence. Individuals in the Izu Island of Japan with awn-teeth and corymbose inflorescences were treated as P. lannesiana f. albida by us. P. lannesiana f. albida has simple flowers, whereas those of P. lannesiana f. lannesiana are double.
Morphological variation within and among taxa was assessed using univariate statistics (mean, maximum, minimum) and multivariate morphometric analysis (principal components analysis: PCA). The PCAs and univariate statistics were produced with the SAS pro- A B
gram (SAS Institute Inc., 1988) . A correlation matrix was generated using selected significant characters together with univariate statistics and the analysis of variance (ANOVA). Also, bivariate scatter diagrams were performed and characters associated with individuals in several operation taxonomic units (OTUs) were plotted. Kuitert & Peterse (1999) reported that most cherries keep their flowers for more than 2 or 3 weeks in the wild, but Kitamura & Murata (1979) recognized the difference between P. leveilleana and P. serrulata var. pubescens in the flowering period. In fact, the flowering time of P. serrulata var. pubescens exhibits the highest degree of variation, even within the same site. For this study, 41 individuals of P. serrulata var. pubescens in Mt. Gwanak-san of Seoul city from midApril to early May 2004 were randomly selected to investigate the variation in flowering time. We divided stages of flowering into four scales; the first flower opening, full bloom, the first shedding of petals, and the last shedding of petals. We recorded the date of flowering for each tree and compared them with each other.
The length of the peduncle and the pedicel and inflorescence types have been used as key characters in classification by many researchers (Koehne, 1913; Kitamura & Murata, 1979; Ohwi, 1984; Yü & Li, 1986; Ohba, 2001; Li & Bartholomew, 2003) . However, Wilson (1916) mentioned that the length of the peduncle and inflorescence type may vary with the number of flowers per corymb, the age and vitality of the tree, weather, and soil nutrition. Two individuals of P. serrulata var. spontanea in Suwon Arboretum of Seoul National University were selected for this study from mid-April to mid-July 2002 to measure the length of the peduncle at two different stages: the first flower opening and full bloom.
RESULTS

CHARACTER ANALYSIS OF FLOWERS WITH LEAVES
For flower with leaf characters, the first three PCA axes accounted for only 55% of the total variance: principal component (PC) 1 had the highest loadings for the width of the petal (C), flower diameter (D), the length of the calyx tube (F), the width of the calyx tube (G), the length of the calyx lobe (H), and the width of the calyx lobe (I); PC 2 had the highest loadings for the length of the peduncle (J), the length of the leaf (M), and the length of the petiole (N); and PC 3 had the highest loadings for the number of flowers (A), the distance from the end of the peduncle to the second pedicel (K), and the number of hairs in the pedicel (Q). PC 1 vs. PC 2 provided better separation of P. lannesiana f. albida, whereas PC 1 vs. PC 3 revealed clusters of P. sargentii that corresponded to the previously recognized taxonomic species (Fig. 2) . It was clear that there was minimal overlap in the clusters of individuals of P. lannesiana f. albida and P. sargentii. The characters (Fig. 3 ) that contributed most to the separation were the length of the peduncle (J), the number of flowers (A), the length of the pedicel (P), and flower size (characters B, D, F, G, H, and I).
Univariate statistics (Fig. 4) , in addition to the minimum and maximum values for many characters, showed that values overlapped extensively for P. serrulata var. spontanea, P. serrulata var. pubescens, P. jamasakura, and P. leveilleana [e.g. the length of the peduncle (J), the distance from the end of the peduncle to the second pedicel (K), and flower diameter (D)]. The number of hairs on the petiole (Fig. 4 , Figure 2 . Scatter diagrams from the principal components analysis results of flowers for taxa of the Prunus serrulata complex and related species. P. serrulata var. spontanea (᭺); P. jamasakura (= Japanese P. serrulata var. spontanea) (᭝); P. serrulata var. pubescens (᭜); P. leveilleana (᭹); P. sargentii (ᮀ); P. lannesiana f. albida (). A, PC 1 vs. PC 2. B, PC 1 vs. PC 3. character Q) was only useful in separating pubescent taxa (P. serrulata var. pubescens and P. leveilleana) from glabrous taxa (P. serrulata var. spontanea and P. jamasakura). However, much overlap occurred in the central region of the scatter diagram ( Fig. 2) between P. serrulata var. pubsecens in Korea and China and P. leveilleana in Japan. Also, no strong discontinuities existed among P. serrulata var. spontanea, P. serrulata var. pubescens, P. jamasakura, and P. leveilleana in the diagram (Fig. 2) .
CHARACTER ANALYSIS OF FRUIT WITH LEAVES
For fruit with leaf characters, the first three PCA axes also accounted for 55% of the total variance. The first axis was positive, except for the number of fruits (A), the number of serrations at the widest position of the leaf (G), the number of hairs on the petiole (N), the length from the end of the peduncle to the second pedicel (P), the number of hairs on the pedicel (T), with major contributions being made by leaf length (B), leaf width (C), the length of the leaf apex (F), the length of the serration at the middle of the long axis (H), and the width of the serration base at the widest position of the leaf (I). The second axis primarily reflected the number of hairs on the petiole (N) and the number of hairs on the pedicel (T). Only 9.8% of the total variance was accounted for by the third axis, with the number of fruits (A) and the length from the end of the peduncle to the second pedicel (P) making the greatest contributions. PC 1 vs. PC 2 and PC 2 vs. PC 3 ( Fig. 5 ) revealed clusters of OTUs that did not correspond to the prior recognized taxa, except P. pseudocerasus. The OTUs from P. pseudocerasus occupied the end of the PC 1 axis and the middle of the second principal component axis. In a plot of PC 1 vs. PC 2 (Fig. 5) , OTUs from P. jamasakura occupied the left area of the plot and overlapped with a few OTUs from P. serrulata var.
spontanea.
Fruit with leaf characters were determined by the univariate analysis to be insignificant in separating most taxa, except P. pseudocerasus in China. The mean values and ranges are given in Figure 6 . This species can be consistently distinguished from the remainder of the P. serrrulata complex, as well as P. sargentii, in characters of leaf width (C), the number of leaf serrations at the widest position of the leaf (G), peduncle length (O), and the number of lateral veins (L; Fig. 7 ). In general, the number of flowers per inflorescence, flower size, peduncle length and hair density on the pedicel can be considered characteristics of taxonomic value for most related taxa, except for the P. serrulata complex.
DEGREE OF PUBESCENCE WITHIN A POPULATION AND AMONG POPULATIONS
Prunus leveilleana and P. serrulata var. pubescens, which were characterized by pubescence of the petiole, pedicel, and peduncle, remained as problematic taxa. Hence, the frequency distribution for pubescence of the petiole, pedicel, and peduncle of individuals within a population and among populations was examined in order to clarify their relationships.
Korean populations were predominantly pubescent, although they contained both pubescent and glabrous specimens. On the other hand, our herbarium observations confirmed that glabrous individuals were more commonly found in Japan and China (Fig. 8) . Evident in a number of pubescent individuals collected in Korea, pubescence was not uniformly present from all populations, except Mt. Du-ryun-san, Mt. Bang-tae-san, and Je-ju Island populations (Fig. 8) .
There was virtually no separation of taxa with respect to the degree of pubescence (Fig. 8) . This study showed that the degree of pubescence was continuous within a population as well as across populations. Therefore, the distribution of P. leveilleana and P. serrulata var. pubescens for this character overlapped considerably more and could not be considered entirely significant. 
ANALYSIS OF PEDUNCLE LENGTH
According to our study, the average peduncle length of P. serrulata var. spontanea and P. sargentii was found to be 7.1 and 2.1 mm, respectively. In fact, it has been known that the length of the peduncle is typical and distinctive in the P. serrulata complex and P. sargentii. Peduncle lengths at first flowering and after full blooming within the same individual of P. serrulata var. spontanea were measured in order to determine the growth of the peduncle over a given period of time. Although it varied with environmental conditions, the length of the peduncle varied less than 3.5 mm from the first flower bloom to the full bloom for the same individual. For this reason, at the first flowering stage, it may be difficult to distinguish P. sargentii from P. serrulata var. spontanea based only on the length of the peduncle. However, this study showed that the variability within individuals of P. serrulata var. spontanea with time maintained a certain degree of . Univariate statistics with the minimum and maximum values for the most discriminating characters for fruits with leaves of Prunus pseudocerasus and the P. serrulata complex. The length of the peduncle and pedicel characters, as well as several leaf characters, contributed most to the separation among the three taxa presented here. L, P. lannesiana f. albida; P, P. pseudocerasus; S, the P. serrulata complex (including P. serrulata var. spontanea, P. jamasakura, P. serrulata var. pubescens, and P. Univariate statistics with the minimum and maximum values for characters of fruit with leaves of the Prunus serrulata complex and P. sargentii. Many vegetative characters showed that values overlapped extensively for the P. serrulata complex. The length of the peduncle and the distance from the end of the peduncle to the second pedicel were the only characters for P. sargentii. C, Chinese P. serrulata var. spontanea; K, Korean P. serrulata var. spontanea; J, P. jamasakura; PC, Chinese P. serrulata var. pubescens; PK, Korean P. serrulata var. pubescens; PJ, P. leveilleana; SAR, P. sargentii. A, maximum leaf length (mm). B, maximum leaf width (mm). C, angle of the leaf apex (°). D, number of serrations at the widest part of the leaf (number/2 cm). E, number of lateral veins. F, the widest portion of the long axis of the leaf. G, distance from the end of the peduncle to the second pedicel (mm). H, length of the peduncle (mm). I, number of hairs on the abaxial of the leaf (25 mm 2 ). J, number of hairs on the adaxial of the leaf (25 mm 2 ). K, number of hairs on the petiole (1 mm). L, number of hairs on the pedicel (1 mm). morphological integrity (at least > 5 mm in peduncle length), remaining somewhat distinct from P. sargentii (Fig. 9) .
leveilleana). A, maximum leaf length (mm). B, maximum leaf width (mm). C, angle of the leaf base (°). D, length of the leaf apex (mm). E, number of serrations at the widest part of the leaf (number/2 cm). F, number of lateral veins. G, peduncle length (mm). H, pedicel length (mm).
TIME OF FLOWERING
With respect to flowering time, there may be 2 or 3 weeks between the first bloom and the first shedding of petals (Kuitert & Peterse, 1999) . However, this study based on an observation of 41 individuals of P. serrulata var. pubescence showed that most individuals were short lived, only c. 10-11 days existing between the first flower opening and the first petal shed, although the total length of the flowering season within the population was 20 days. A few individuals (e.g. individuals 7 and 30 in Figure 10 ) within the population came to bloom a week or two later, compared with most individuals.
DISCUSSION
The results of the PCA indicated that all related taxa of the P. serrulata complex, such as P. pseudocerasus (Fig. 5) , P. lannesiana f. albida (Figs 2, 5) , and P. sargentii (Figs 2, 5) were morphologically distinct without a major morphological continuum. On the other hand, morphological variations for most characters were continuous with a high degree of overlap across taxa within the P. serrulata complex.
RELATED TAXA OF THE P. SERRULATA COMPLEX
Prunus lannesiana f. albida, which can be separated from P. lannesiana f. lannesiana in having simple flowers, is characterized by a corymbose inflorescence with glabrous leaf, petiole and pedicel, and awn-teeth of the leaf. Several authors (Koidzumi, 1911; Makino, 1912; Koehne, 1913; Wilson, 1916; Kuitert & Peterse, 1999) placed this Japanese endemic at the varietal or form rank under P. serrulata, as P. serrulata var. serrulata f. albida Makino, P. serrulata var. albida subvar. speciosa (Koidz.) Makino, or P. serrulata var. speciosa (Koidz.) Koehne. Ohba (2001) treated P. lannesiana f. albida even at the rank of species, Cerasus speciosa (Koidz.) H. Ohba. This study showed that P. lannesiana f. albida differed from other related taxa in always having three to four flowers per inflorescence, large flowers with serrated petals, and very acute and awn-teeth shape of leaf serration (Wilson, 1916; Kitamura & Murata, 1979; Ohwi, 1984) . This taxon is known to be restricted to a small geographical area of Honshu: Shizuoka, Yamanashi, Kanagawa prefectures and the Izu peninsula. Current results support the separation of P. lannesiana f. albida from other taxa of the P. serrulata complex as a distinctive taxon.
Prunus pseudocerasus in central and eastern China exhibited morphological similarity to P. serrulata and was recognized as being close to P. serrulata in China, Korea, and Japan by Maximowicz (1883) and Makino (1908) . Our morphometric analysis showed that strong discontinuities existed between the P. serrulata complex and P. pseudocerasus. Comparisons of the univariate, conceptually related means and range, pointed out the differences between P. pseudocerasus and other taxa with respect to the number of flowers per inflorescence [three flowers vs. two (three) flowers], umbel type (relatively short pedicel and peduncle), small leaves, short apex of the leaf, pubescence of the leaf vein, petiole and pedicel, and black (vs. red) drupes (Koehne, 1913; Wilson, 1916; Yü & Li, 1986 ).
Prunus sargentii is generally characterized by two or three flowers in an umbel inflorescence with a short peduncle and glabrous leaf, petiole, and pedicel (Rehder, 1908) . Wilson (1916) placed P. sargentii at varietal rank of P. serrulata, namely P. serrulata var. sachalienensis (F. Schmidt) E. H. Wilson (Koidzumi, 1911) , rather than at species rank. A detailed investigation of this taxon in both Korea and Japan revealed a comparable degree of continuous variation in leaf characters with P. serrulata var. spontanea and P. lannesiana f. albida, but due to an umbel inflorescence with a short peduncle, a relatively large flower size, and sticky buds and young twig (Kuitert & Peterse, 1999) , it could be supported as an independent species, as Wilson suggested (Wilson, 1916; Chang, Choi & Chang, 2004) .
In general, the geographical distribution should be taken into consideration along with an analysis of similarities and differences in morphological characters as a basis for evaluating relationships among taxa (Radford et al., 1974) . On the basis of observation of herbarium specimens, as well as the literature, P. sargentii seems to be restricted to northern parts of Korea, with a few exceptions, northern Japan, and far eastern Russia, whereas the P. serrulata complex was distributed from central and eastern China to southern Japan through central and southern Korea (Kurata, 1971; Kitamura & Murata, 1979; Ohwi, 1984; Kuitert & Peterse, 1999) .
One of the key characters used to distinguish between P. sargentii and the P. serrulata complex is the difference in flower size (Kitamura & Murata, 1979; Ohwi, 1984) . Indeed, this study demonstrated that between P. sargentii and the P. serrulata complex from some populations in eastern Korea, flower size emerged as the most distinct (34-48 mm vs. 30-37 mm). However, inspection of the flower size of individuals from southern populations (e.g. Mt. Dukyou-san) of P. sargentii (36-37 mm) revealed that there was extensive overlap with the P. serrulata complex. Therefore, the use of flower size to discriminate between P. sargentii and the P. serrulata complex was not reliable.
Prunus verecunda (Koidz.) Koehne has received varied treatments in recent studies. Koidzumi (1911) originally described it as P. jamasakura var. verecunda Koidz., but later Koehne placed this taxon at the rank of species Nakai, 1930) . Nakai (1916) and Lee (1980) regarded this taxon as a variety of P. serrulata, namely P. serrulata var. verecunda. Although Kitamura & Murata (1979) and Ohba (2001) treated it as a synonym of P. leveilleana, Wilson (1916) and Kuitert & Peterse (1999) did not distinguish between P. serrulata var. pubescens and P. verecunda due to the presence of a pubescent petiole and pedicel, listing only P. serrulata var. pubescens.
Prunus verecunda is characterized by umbellate inflorescences with a very short peduncle (< 4 mm long) and one to two (to three) flowers per inflorescence. Except for the pubescence, plants of P. leveilleana and P. serrulata var. pubescens were markedly different from P. verecunda due to very long peduncles and corymbs . In addition, the distribution of P. verecunda is limited to northern Japan, which is correlated with that of P. sargentii, not that of the P. serrulata complex. The inspection of 74 specimens from eastern Korea revealed that 14 individuals were consistent with the characters of P. verecunda by the presence of a short pubescent peduncle, also differing from the P. serrulata complex in inflorescence type. Accordingly, our systematic interpretation of P. verecunda is not in agreement with the previous taxonomists (Koidzumi, 1911; Nakai, 1916 Nakai, , 1930 Wilson, 1916; Kitamura & Murata, 1979; Lee, 1980; Kuitert & Peterse, 1999; Ohba, 2001) , who regarded this taxon as a variety of P. serrulata. It appears that plants from northern Japan and eastern Korea fall well within the bounds of P. verecunda. Therefore, we reduce the status of species P. verecunda to a varietal status of P. sargentii, i.e. P. sargentii var. verecunda (Koidz.) C.S. Chang .
In addition, P. takesimensis Nakai, which is restricted to the island of Ulleong-do, east of Korea, is recognized as being related to P. sargentii. P. takesimensis is characterized by having relatively small flowers (21-32 mm in diameter; in general 28-46 mm in diameter in the P. sargentii complex) and many flowers per inflorescence (two to five flowers; in general one to three flowers). Evidence obtained from morphological analyses indicated that the entity of P. takesimensis formed a cohesive group somewhat distinct from P. sargentii. Therefore, this taxon should be recognized as an independent and endemic taxon to Korea .
Prunus jamasakura was placed at the rank of species in Japan by several authors (Kitamura & Murata, 1979; Ohwi, 1984) , whereas this taxon was considered a variety of P. serrulata, i.e. namely, P. serrulata var. spontanea in Korea and China (Koehne, 1913; Wilson, 1916; Lee, 1980) . As exemplified by the current PCA analysis, P. jamasakura and P. serrulata are somewhat distinct taxa, distinguished by leaf characteristics (oval vs. elliptic shape), but univariate statistics (Fig. 7) , in addition to the minimum and maximum values for leaf characters (a greater number of serrated teeth and leaf veins) from the plants of P. serrulata var. spontanea (Chinese and Korean individuals) and P. jamasakura investigated in this study showed that values overlapped extensively. Therefore, a weak separation between P. serrulata var. spontanea and P. jamasakura was confirmed by this study.
According to a representative study of the flowering time and period of the P. serrulata complex, the flowering period of an individual flower was c. 10 days. The short and explosive spring in eastern Asia generally has only 3 weeks between the average early and the average late cherry blossoms (Kuitert & Peterse, 1999) . Two weeks later, flowers on individuals of P. serrulata var. pubescens at any specific site (Kitamura & Murata, 1979) may not be uncommon and occur in wild populations (Fig. 10 ). This characteristic difference between P. serrulata var. pubescens and P. leveilleana does not justify the recognition of P. leveilleana at the rank of species.
Recent studies of Japanese Prunus in flora of Japan revised by Ohba (2001) (Ohba, 1992) . It implied that he never distinguished the P. serrulata complex from P. sargentii and P. verecunda, which was usually characterized by flowers in an umbel inflorescence with a short peduncle and pedicel. In addition, Ohba (2001) recognized two major taxa, C. jamasakura (Siebold ex Koidz.) H. Ohba and C. leveilleana (Koehne) H. Ohba as the P. serrulata complex, but he treated P. jamasakura var. pubescens (Makino) Nakai as a synonym for both P. leveilleana and P. jamasakura (= P. serrulata var. spontanea). Therefore, his concept of P. leveilleana, as well as P. serrulata var. pubescence, was very confusing, and these treatments should not be accepted.
Furthermore, there has been a great deal of confusion regarding C. sargentii var. akimotoi H. Ohba & Mas (Ohba, 2001) . As described, this taxon is characterized by a long peduncle (3.5 mm) and triangular petals, which seems to be associated with the P. serrulata complex, rather than P. sargentii. The geographical range of C. sargentii var. akimotoi throughout southern Kyushu is similar to that of the P. serrulata complex. Therefore, Ohba (2001) misapplied this name to a variety of P. sargentii, and to the best of our knowledge, this taxon should be considered a variety of the P. serrulata complex with respect to geography and inflorescence.
CONCLUSIONS
In summary, P. pseudocerasus, P. lannesiana f. albida, and P. sargentii are distinct taxa based on our results from the morphometric analyses. The leaf, flower, and fruit data may reflect a lack of divergence among infraspecific taxa of P. serrulata. The only cohesive vegetative morphology is the degree of pubescence. Therefore, it is not correct to split P. serrulata into any varieties based on morphology, except for the pubescent taxon, P. serrulata var. pubsecens. We conclude that the many infraspecific taxa of P. serrulata should be recognized as a single species with two varieties, var. serrulata and var. pubescens. Taxonomic note: Prunus serrulata was described by Lindley (1830) to include double white flowers as a garden cultivated form (Wilson, 1916) . Wilson (1916) described single flowers as a wild form, P. serrulata var. spontanea. This double vs. single flower character is not considered to be sufficiently differentiated between P. serrulata var. serrulata and P. serrulata var. spontanea to warrant the designation of the rank of variety. Instead, a plausible suggestion is that var. spontanea be recognized as a form. Therefore, a new combination is published here. There has been a little confusion in the literature regarding the correct author for P. jamasakura. 'Jamasakura' was used by von Siebold (1830), not as a basionym, but as a common name. Koidzumi (1911) was the first taxonomist to use this name for the taxon. This study confirms only a weak separation between P. jamasakura in Japan and P. serrulata var. spontanea in Korea and China. This study also shows that P. jamasakura and P. serrulata var. spontanea should be treated as synonyms of P. serrulata var. serrulata f. spontanea.
We have not found a type specimen of P. pseudocerasus var. jamasakura subvar. glabra Makino at MAK. This name was probably based on cultivated plants in gardens without preserving a specimen. Wilson (1916) and Rehder (1949) considered P. tenuiflora Koehne, which occurred in central China (western Hubei = Hupeh), conspecific with P. serrulata var. spontanea. These two taxa are clearly separable on the morphological observations of peduncle length, inflorescence type, and petal form of nine syntypes deposited at A. It seems that P. tenuiflora is probably related to P. conradinae Koehne, rather than P. serrulata var. spontanea.
taxon that comprises a diverse degree of pubescence in petioles, peduncles, and pedicels (Wilson, 1916; Kitamura & Murata, 1979; Ohwi, 1984; Kuitert & Peterse, 1999; Ohba, 2001; Li & Bartholomew, 2003) . This study treated P. leveilleana as a synonym of this taxon. According to Kuitert & Peterse (1999) , P. verecunda was interpreted as P. serrulata var. pubescence, an infraspecific taxon of P. serrulata. However, contrary to this treatment, we regard P. verecunda as a variety of P. sargentii due to the umbellate inflorescence .
This variety is distributed from Japan to China through Korea. It is known that the centre of distribution of this taxon is the Korean peninsula (Kuitert & Peterse, 1999) . However, in accordance with the new combination of P. leveilleana, P. serrulata var. pubescens also occurs from northern Honshu to southern China. Figure 11 . Geographical distribution of Prunus serrulata var. pubescens in South Korea based on specimens (᭹). The distribution in North Korea (᭺) is adapted from the previous study of Chung (1943) .
